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(54) FLUID JETTING DEVICE AND ITS PRODUCTION PROCESS 



(57) A fluid ejection device and production method 
thereof for an ink jet printer and the like for heightening 
density of a nozzle and improving efficiency of the pro- 
duction process. The through-hole 15 is provided to the 
glass substrate 18 to whfch the second silicon siisstrate 
19 is directly bonded to form the ink outlet 14. The first 



silicon substrate 17 is etched to form the pressure 
chan4)er 12, the ink channel 13 and the ink Inlet 16, and 
txxided drectly to the glass substrate 1 8. subsequently, 
the piezoelectric ttBn film 11 having the elastk; body 20 
is bonded to right on the pressure charT4>er 12. 
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Description 

RELD OF THE INVENTION 

[0001] The present invention relates to a fluid ejec- 
tion device 1o be used in a printhead of an ink jet printer 
for ejecting fluid such as ink in a well-corTtroOed mariner, 
and production method thereof. 

BACKGROUND OF THE INVENTION 

[0002] With the devekspment of a computerized 
society in recent years, demand for office automatk>n or 
OA devices has t>een growing rapkJty. Under such cir- 
cumstances, demand for varioi^ kinds of printers has 
become increasingly stronger, not only with respect to 
their performance as a recording means but for higher- 
speed printing and irrprcved pkrture quality. 
[0003] In wkJely used ink jet printers, the ink jet 
printhead of the orhdemand system whk^h enables a 
high-speed ejectkHi off the ink at the user^ will, is critical 
for the performance of the printer. The ink jet printhead. 
in general, conrpises an ink channel, a pressure cham- 
t>er where ink is pressurized, a pressurizing means for 
the ink such as an actuator, and an ink outlet through 
whk^h the ink is ejected. To realize an on-demand ink jet 
printer system, a pressurizing means with high control- 
lability is required. However, most off the conventional 
systems empk^ a bubble ejecting method wherek^y the 
ink is heated to produce but)bles^ which eventually eject 
the ink (heating method), or a piezoelectrk; method in 
whk^h ink is directly pressurized by a defformatfon off pie- 
zoelectric, cerarrvcs and the lika 
[0004] Rg 11 is a sectfonal perspective view show- 
ing an example of the construction off a conventional ink 
jet printhead. The conventbr^al ink jet printhead con- 
sists of a piezoelectric member 111, a pressure cham- 
ber 112, an mk channel 113, an ink outlet 114, afluxJ 
(inIO inlet 115, a structure member A 116, a ^ructure 
rnemt)er B 1 17, a structure nriember 0 1 18. a diaphragm 
119 and indhndual electrodes 120 (120a, 120b]. 
[0005] On a first side of the piezoelectric member 
111 individual electrodes 120 are formed thereon. On a 
secorxJ skte thereof electrodes are also formed in the 
same manner (not depk:ted). The piezoelectrk; member 
111 is borxJed to the diaphragm 119 via the electrode 
on the second sida 

[0006] The diaphragm 1 19 and the structure menh 
ber A 116, the structure memt>er B 117 and the struc- 
ture merTt>er 0 118 are bonded by an adftesive or 
similar material thereby forming a laminated structure. 
There is a cavity in the structure merTt>er A 116, wftere 
the pressure chamber 112 and the ink channel 113are 
to be formed. In general, a plurality sets of the pressure 
chambers 112, the inkcfmnnel llSandindivkjual elec- 
trodes 120 are formed and disposed such that each set 
is separated from the other sets. The structure memt>er 
B 117 ^ formed in the same manner with the ink inlet 



1 15 being mounted additionally. On the structure mem- 
ber 01 1 8, conesponding to the position off the pressure 
chamber 1 12, the ink outlet 1 14 is nraunted. The ink ts 
supplied through the Ink inlet 115, and the ink channel 

5 113 and the pressure chamfc>er 1 12 are filled with ink. 
[0007] Thediaphragm 119 is made of a conductive 
material and has conductivity with the electrodes 
mounted on the bonded surface of the piezoelectric 
member 111. Thus* if an electric voltage is applied 

10 between the diaphragm 119 and tfie individual elec- 
trodes 120, the laminated section of the piezoelectric 
merTt>er 111 and the diaphragm 119 is deformed. At 
this time, an arbttrary locatfon of the piezoelectric mem- 
ber 111, in other, words, the k)cation conresponding to 

IS an artMtrary pressure chamber 112 can be deformed 
selecting an electrode to be applied with an electrk: volt- 
age. The deformation pressurizes ink in the pressure 
chamber 112, and the amount of ink responsive to the 
pressure is ejected from the ink outiet 1 14.The amount 

20 of deformation deperKis on tfie electric voltage applied 
to the piezoelectric member 111. Therefore, by control- 
ling the magnitude of the electric voltage and the toca- 
tion on which the electric voltage is applied, amount and 
focation of tfte ink ejection can be arfoitrarily changed. 

25 [0008] The conventional thermal ink jet printftead, 
in general, is inferior to tiie piezoelectric m^fKxj in 
terms of the response speed. On the other hand, in the 
case off the piezoelectric Inkjet printhead, the displace- 
ment of the piezoelectric member and the diapfragm is 

30 restricted the thkimess off the piezoelectric memt>er 
Iff the piezoelectric member is too thtok, a sufficient cfis- 
placement can not be gained due to the rigidity of the 
piezoelectrk; member itself. If the area of the piezoelec- 
tric mento is increased to effect a sufficient displace- 

35 ment, the ink jet printhead wOl become bigger making 
harder to achieve a higher density of the nozzia As a 
resutt, material cost will increase^ When the area of the 
piezoelectrk: member can not be increased, a higher 
driving voltage is required for a sufficient ddbrmation. 

40 [0009] A piezoelectric member with thickness of 
about 20Mm have become available now by technques 
off the thKk film forming and the integrated firing, how- 
ever, a higher density in the nozzle is still required for an 
improved pfoture quality. In order to reduce the area of 

45 the piezoelectric merrt)er to achi^e a higher density of 
the nozzle, reduction of the thickness of the piezoelec- 
tric member is essential. However, conventional meth- 
ods fiave limitations in this regard. 
[0010] A cavity must t>e provkjed within the ^ruc- 

50 tures made of stainless steel or the like in order to form 
an ink channel, and for precise and complex irtk chan- 
nels increased number of lay^ are required. Adhesive 
used on ttie bonded section is subjected to flukl for a 
fong time, therefore, r^iability of such material has 

65 always required ctose attention. 

[0011] An object of the present invention is to pro- 
vide a fluid ejection devk^e such as an Inkjet printhead 
with higher picture quality, higher reliability and lower 
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cost. 

SUMMARY OF THE INVENTION 

[0012] A fluid ejection device of the present inven- 
ticm includes at least one chamt>er divided independ- 
ently from other chambers, an ink channel 
cornmunlcating with the charTt>er. an Ink outlet commu- 
nicating with the chamber, and a pressure generating 
section having a laminated body made of a piezoelectric 
material of a thickness of not more than 7pm and an 
elastic body, the section covering one face of the cham- 
ber. 

[0013] A production method of a fluid ejection 
device of the present invention includes the steps of: a 
process of fonrnng a through-hole for the pressure 
chanrt>er and a through-hole for the ink inlet on a f ir^ 
substrate; a process of bonding the first substrate and a 
second sitetrate; a process of boncfing the second sub- 
strate and a third substrate; and a process of forming a 
pressure generating section comprising a laminated 
body nndudtng piezoelectric material and an elastic 
material such that the pressure generating section cov- 
ers the through^efbr the pressure chamber. 
[0014] Aoconfing to the present invention, a thin 
film material of PZT related material deposited by sput- 
t^ng method is used as a piezoelectric material. 
[0015] AccorcSng to the present invention, silicon 
and glass substrates are used as structure members 
which are etched and processed by sand-blasting. 
[0O16] The structures are directly bonded by 
processing the surfaces and heating without the use of 
resin or other adhesivesw 

[0017] The configuration discussed above allows 
the piezoelectric member to be thinner with ease, which 
contributes to a hi^er density of the nozzle. A plurality 
of silicon and glass substrates are simultaneously proc- 
essed finely by etching and sand-t)lasting, thereby 
improving processing precision for products and reduc- 
ing a nun4)er of productk>n processes. The silicon and 
glass substrates can be directly bonded, therefore, 
long-temr) reliability against infkwv of flud is secured. 
Meanwhila the sttetrates can be bonded at a time , 
which contributes to streamlining of the production proc- 



BRIEF DESCRIPTION OF THE DRAWINGS 
[OOiq 

Fig. 1 shows a sectk)nal perspective view of a fluid 
ejection device in accordance with the first eocem- 
plary enrtxxfimerrt of the present invention. 
Fig&, 2A-2D show a manufacturing process of a pie- 
zoelectric thin film of the first exemplary embodi- 
ment as set forth in Fig. 1. 
Figs. 3A-3E shew a manufacturing process of a sil- 
icon substrate of the first exerTf)lary ernbodiinent as 



set forth In Fig. 1. 

Rg& 4A-4E show a manufcicturing process of an 
ink outiet of the first exemplary embocfiment as set 
forth in Rg. 1. 

5 Rga 5A-5D show a manufacturing process of the 
f kikl ejection device of the first exemplary embodi- 
ment as set forth in Fig. 1. 
Fi^ 6A-6F show an alternative manufacturing 
process of a silicon substrata 

10 Figs. 7A-7D show an alternative manufacturing 
process of an ink outiet 

Rg. 8 sfKMvs a sectional perspective view of a fluid 
ejection device in accordance with the second 
exerrplary erTtxximent of the present invention. 

15 Rgsw 9A-9E show a manufacturing process of a sil- 
icon substrate of the second exemplary enrtoii- 
ment as set forth in Rg. 8. 
Ftg& 10A-10F shew a manufacturing process of ttie 
fluid ejection device of the second exemplary 

20 embodiment as set forth in Rg. 8. 

Rg. 11 shows a sectional perspective view of a fluid 
ejection device of the prior art 
Rg. 12 shows a plan view of the processed silicon 
substrate in accordance with the first exemplary 

25 embodiment Of the present inverrtioa 

Rg. 13A-13E show a manufacturing process chart 
illustrating processing steps of ttie silicon and glass 
sut>strates. 

Rg. 14A-14E show a manufacturing process chart 
30 illustrating anottier processing steps of the silkXHi 
and glass substrates. 

Rg. ISA and 1 SB show processed condition of a sil* 
icon substrate in accordance witii the second 
exemplary example of the present invention. 

35 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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[P019] Rg. 1 is a perspective cross sectional view 
illustrating an example of a fluid ejection device com- 
prising silicon, glass and piezoelectric thin films. 
[D020] As shown in Ftg. 1, a fluid ejection device in 

45 accordance with the first exemplary embodiment com- 
prises the following elements; a piezoelectric thin fOm 
11, a pressure chamber 12, an ink channel 13, an ink 
outiet 14, a through-hole 15, an ink inlet 16, a first silicon 
substrate 17. agtass substrate 18, aseccnd silicon sub* 

50 strate 19, an elastic body 20 and individual electrodes 
21(21a, 21bL..). More specifically, the fluid ejection 
device of tills erTt)odirnem cornprises a larninated body 
made of the frst silicon substrate 17, ttte glass sub- 
strate 18 and the second silkxHi substrate 19. the piezo- 

55 electric ttiin film 11, ttie elastic body 20 and the 
individual electrodes 21 mounted on ttie piezoelectric 
ttiin fim 11. 

[P021] Thefir^silkxmsubstrate 17 is provided wrtti 
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such etements as the pressure chamber 12 formed as 
an indiviciual through^ectbn at the position corre- 
spondlng to the individual electrodes 21 , the ink channel 
1 3 formed up to the midway in the direction of the thick- 
ness of the silicon substrate 17 in such a manner that it 5 
communicates with the pressure chamber 12, and the 
ink inlet 16, a through-section communicating with the 
ink channel 13. The opening area of the ink channel 13 
starts to expand outwardly as it goes away from the 
pressure chamber 12 GHustrated as dotted lines in Fig. w 
1). Rg. 1 shows a single set of the incfivkiual electrodes, 
the pressure chamber, and the ink outlet and so on. A 
fluid ejection dence generally has a plurality of units 
constructed in a similar mann^ including the indivkiual 
electrodes, the pressure chamber and the ink outlet Fig. 15 
1 shows two sets of the indivktual electrodes 21 (21a 
and 21b). 

[0022] H&A, the first sOicon substrate 17 and the 
glass substrate 18 are bonded, wherek>y the pressure 
chamber12 and the ink channel 13 are sealed except for 20 
some portion. The glass substrate 1 8 is provided with a 
through-hole 15 on the position oorres|X)nding to the 
pressure chamber 12. Con^esponding to the center of 
the through-hole 15, an ink outlet 14 with an area 
smaller than the opening portkm of the through-hole 15 ^ 
is formed on the second silkxxi substrate 19. The glass 
substrate 18 and the second siGcon s(d>strate 19 are 
bonded. The piezoelectric thin f Sm 1 1 is bonded through 
the elastk; body 20 on the face of the pressure chamber 
12 opposite the through-hole 15. TTie piezoelectric thin 30 
film 1 1 has the indivkiual electrode 21a formed on front 
surface thereof, and other indivkJual electrode on the 
back surface (not shown in the drawbig). 
[0023] The ftuki whk:h has fbwed in from the Ink 
inlet 16 fDls the ink channel 13, pressure chamber 12 3s 
and the through-hole 15, and stays around the ink outlet 
14. If an. electric voltage is applied t)etween the elec- 
trodes on both skies of the piezoelectric thin film 1 1 , the 
laminated body of the piezoelectric thin fflm 1 1 and the 
elastic txxiy 20 will be deformed. ProvMing the elastk; 40 
body 20 is made of a conducive material, it will conduct 
with the electrode mounted on the back face of the pie- 
zoelectric thin film, and deformatkwi occurs when volt- 
age is applied between the el^tk; body 20 and 
indivkiual electrodes 21 . The exact position of the lami- 4s 
nated body to be deformed can be changed freely bf 
selecting theportkm cf the indivkiual electrode 21 to be 
applied with voHaga The defcKmation of the laminated 
body cornpr^ng the piezoelectrk; thin film 11 and the 
elastic body 20 brings the fluid in the pressure chamber so 
12 under pressure, and the fluki is ejected from the ink 
outlet 14 in a volume responsive to the strength of the 
pressure. 

[0024] In general, a piezoelectric thin film 11 is 
made of material with high piezoelectric constant such ss 
as PbZr^Tli.jPa or other PZT related material. A thin 
film made of such material is manufactured, under cer- 
tain condition, by depositing a f im on a MgO substrate 
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for the piezoelectric thin film by the sputtering method. 
The MgO substrate for the piezoelectric thin film is 
etched in phosphate or in a similar chemicat whereby a 
thin film consisting of the piezoelectric thin film 11 is 
easily obtained. 

[D025] The shape of the ink outlet 14 affects ejec- 
tion speed and the area of the ejected fluid, as such it is 
a k^ element determining the printing performance of 
an ink jet printer. A smaller opening area of the ink outlet 
14 enables finer printing, however, an excessive differ- 
ence in area from the pressure chamber wouki result in 
a large loss, thus desirable ejection can not be 
expected. This bss can be reduced when the glass sub- 
strate 1 8 is provkied with the through4K>le 1 5 of which a 
aoss-sectkxial area tapers from the pressure chamber 
toward the ink outlet Moreover, this con^ructk)n makes 
the shape of the ink outlet more controllable than a con- 
structkm having a tapered hole alone, resulting in the 
ink outlet 14 with finer and more uniform shapa 
[0026] When pressure is appGed, the pressure is 
not kept within the ink outlet 1 4 but transmitted to the ink 
channel 1 3 which may trigger a back f kiw of the fluki. To 
solve this problem, the ink channel 13 is shaped in a 
manner that its opening space OHustrated as dotted 
lines in Rg. 1) tapers toward the pressure chamber 12 
thereby resistance against the back fkyw increases, and 
even a better ink ejectfon is achieved. The same effect 
can be obtained by provicfing a narrower sectfon in the 
ink channel 13. When the area of the nanower sectfon 
in the ink channel 13 about 0.5 to 1.5 times as large 
as the area of the ink outlet 1 4, good ejection is secured 
by preventing the back flow. 
1106271 The piezoelectric thin fil m 1 1 of several pm in 
thkicness can easily t>e obtained using the sputterirrg 
metfKxi. It is thinner when compared with conventkxial 
fflms. When the piezoelectric thin film 1 1 becomes tNn- 
ner, its own rigkiity is reduced, thus a larger deformatkxi 
is more easily obtained. When the magnitude of defor- 
mation is the same, strain is smaller with the thinner 
fSm, therefore, reliabDity for repeated loading can be 
improved. As it has been described, the thinner piezoe- 
lectrk: material not only contrfoutes to a reduced size of 
the actuator and its surrounding area and the area of 
the ink outlet 1 4, but also contributes to a higher density 
and in turn, a higher picture quality 
[0028] Regarding the thickness of the piezoelectric 
thin film 11, if it is too thin, a poor driving force wouki 
result conversely, manufacturing thicker material by the 
thin film techroque is ineff k:ient since it requires a fonger 
sputtering tima Therefore, a reasonable thickness of a 
piezoelectric thin film is not more than 7|im in terms of a 
secure driving force and film making cost Since the 
actuator is not deformed when it is only made of the pie- 
zoelectric thin film 1 1 , it nrujst form a laminated structure 
with the elastic body 20. In order for the elastic body 20 
to actually function as the elastfo body 20 while main- 
taining conductivity, stainless steel or other metallk; 
material is used. However, the thickness of and the 
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rigidity determined by nature of the material of each 
layer affect the position of the neutral plane during 
deformation. The further the neutral plane moves away 
from the kxxjndary surfece, the more the stress gener- 
ated at the tx)undary surface increases, increasing the 5 
risk of delamination. Conversely, when the neutral plane 
is formed inside the piezoelectric memk>er, driving effi- 
ciency declines. Therefore, in order to secure the neu- 
tral point in the vicinity of the boundary surface, the 
thicknessoftheelasticbody made of metallic material w 
must be the sasm or smaller than the thickness of the 
piezoelectric member. 

[P029] Each piezoelectric material has to function 
only for each pressure chamber, therefore, the piezoe- 
lectric material is not needed in the partitions of adja- is 
cent pressure chambers. Rather, when the piezoelectric 
material is separated by every pressure, interference 
between adjacent piezoelectric members and stress 
irrposed on the piezoelectric material during the bond- 
ing process and actual driving can be avoided, so that 20 
cracking in the piezoelectric material is prevented. 
[0030] Rg. 2 shows sectional views illustrating an 
example of the productmn method for dividing the piezo- 
electric material. 

[0031] Rrst, as shown in Rg.2A, a material for the 2S 
individual electrode 23 and a piezoelectric thin fam 22 
are deposited on a MgO substrate for the piezoelectric 
thin film 24 by the sputtering method. Second, the mate- 
rial for the indivkJual electrode 23 and the piezoelectric 
thin f im 22 are selectively etched away and divided into 30 
indivkiual electrodes 23a, 23b and 23a and piezoelec- 
tric thin fims 22a, 22b and 22c respectively (Rg. 2B). 
Third, an elastk; body 28 made of chromiiKn or other 
metallic material is formed with a resin nr^erial 25 such 
as pdyimkie coated thereon (Rg. 2C). Then, a silken 35 
substrate 27 is bonded to the divkiing portkm or the por* 
tkm where the material for the incfivkiual electrode 23 
and the ptezoeledric thin film 22 are etched away selec- 
tively, in a manner that only pressure chambers 26a, 
26b and 26c are con^espondingty in contact with the pie- 40 
zoelectric thin films 22a, 22b and 22c. Rnally, the MgO 
substrate for the piezoelectric thin film is immersed in a 
phosphate solutfon and removed (Rg. 2D). As a result, 
the divkiing portk>ns are strengthened by the resin 
material 25. litoreover, since the rigklity of the resin 4s 
material 25 is tow, it does not serimsly affect the driving. 
[0032] The cor^tructtondteussed above realizes a 
f tuki ejectk>n devk^e whx:h ejects f luki from an arbitrarily 
selected ink outlet in a plane of a substrata 
[0033] FolkMring is an example of a manufacturing so 
process. Rg& 3Ar3E, Rgs. 4A-4E and Rgs. 5A-5D 
show sectional views ilhistrating the manufacturing 
process of the f lud ejection devk» of the present inven- 
tion. 

[0034] Rgs. 3A-3E show an example of the » 
processing of the first silicon substrate 31 . Both skies of 
a fkst stlkx)n substrate 31 as shown in Rg. 3A are 
coated with resists 32a and 32b, and the patterning is 



cam'ed out by the photolithography technk|ue (Rg. 38). 
In this process, patterns are formed corresponding to 
the position and shape of each pressure chamber 34 
and ink channel 33. 

[0035] Next silicon is etched from the skJe coated 
with the resist 32b by the reactive ton etching method 
(RIE). The etching ^ops at the predetermined depth in 
the directton of the thickness of the substrate with an 
opening being formed on only one skie. forming an ink 
channel 33 (Rg. 30). Then, etching is p^fbnned from 
the resist 32a skie forming a through-section communi- 
cating with the ink channel 33. By this process, a pres- 
sure chamber 34 and an ink inlet 35 are formed (Rg. 
3D). Rnally, the resists 32a and 3^ are renxyved to 
conclude the manufacturing process of the fGrst silicon 
substrate 31 (Rg. 3E). 

[0036] RgSw 4A-4E show an example of a manufac- 
turing process of a glass substrate 41 and a second sfl- 
toon sut>strate 44. 

[P037] Rrst, both skJes of the glass substrate 41 are 
coated with res«ls 42a and 42b. Then, a pattern is 
formed only on the resist 42a skJe at a place conre- 
sponding to the pressure chamber (Fig. 4A). Next abra- 
sive grains are sprayed by the sand-blasting method 
from the resist 42a skJe, and then a through-hole 43 is 
formed by processing the glass substrate 41 . (Rg. 4B). 
In tNs process, the throu^-hde 43 isfonmed in a man- 
ner that it tapers from the skie being sprayed with the 
abrasive grains toward the other opening. The resist 
42b protects the other face from damage caused the 
abrasive graina 

[0038] Then, after the resists 42a and 42b are 
removed, the second 8tlkx>n substrate 44 and the glass 
substrate41 are directly bonded by direct bonding tech- 
tvque. Patterning of a resist 45 coated on the second sD- 
toon substrate 44 is processed so as to fonm an ink 
outlet 46 in corresponding positions to each pressure 
chamber (Rg. 40). 

[0039] The direct bonding techncfue is a method to 
bond substrates by washir^ the substrates and heating 
them without using any industons such as resin or 
applying a high electric voltage as it is the case vnth the 
anodto bonding nrtethod. In the direct bonding, for exam- 
ple, glass and siltoon with a smooth surface are washed 
in peroiamionosulfuric ackJ, peroxodisulfuric or the like 
and stacked after drying. 

RXMO] When the substrates are pressed, certain 
bonding is gained, and the stacked bcxiy is heated at 
several huncb-ecte^'C to increase bonding strength. This 
method can lead to an extremely strong bonding when 
optimum suk)8trate material and washing and heating 
condittons are provkJed. For example, one defaminatton 
test revealed that in the boncfing of glass substrates, 
bonding strength was so high that, in some mode, dam- 
age was caused not on the b(^ed surfaces but instoe 
the substrate itself. The direct bondng realizes high reG- 
ability free from degradation in the bonded layers occur- 
ring with the lapse of time or in contact with f lukf as it is 
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the case with the bonding using resin or similar mate- 
rial. Furthermore, the manufacturing process ts very 
simple requiring only washing and heating processes. 
Following the bonding process, the second sificon sub- 
strate 44 is etched by RIE(Rg.4D) and the resi^ 45 is 5 
removed to complete the process (Fig. 4E). 
[0041] As described above, with the method illus- 
trated in Figs. 4A^E, afigning of both through-holes can 
be done easOy. Moreover, the substrates can be han- 
dled more easily as the total thickness of the stacked io 
substrates \s inaeased by bonding. As a result, a thin- 
ner second substrate can be used, and a through-hole 
for the ink outlet on the second silicon substrate, whk;h 
has a strong influence on the ejectkui performance, can 
be formed precisely and irrformly. 75 
[0042] Rgs.5A-6D show sectional views niustrating 
the bonding process of a laminated body corrprising a 
processed first silicon substrate 56. a glass substrate 57 
and a second silicon substrate 58 and a piezoeiectrk; 
thin f Qm 59 (inducing elastK body). 20 
[0043] Rret, the first silicon substrate 56 already 
processed in a manner illustrated in Figs. 3A-^E and the 
laminated body of the second sOicon substrate 58 and 
the glass substrate 57 processed in a manner illustrated 
inFigs.4A-4E(Fig.5A)aredirectlybondedby1he8ame 2s 
method described above (Fig. 5B). Before this process, 
a pressure chamber 51 and a through-hole 54 are 
aligned. Next, the piezoelectric thin f Hm 59 (including an 
elastic body) fonmed on a substrate 60 made of MgO or 
the like for the piezoelectric thin film 60 is bonded onto 30 
the top of the pressure chamber 51 (Rg. 5Q. Rnally, 
the MgP substrate 60 for the piezoelectric thin film is 
removed to complete the process (Rg. 5D). When the 
substrate 60 for the piezoelectric thin film is made of 
MgO, rt can be removed by immersing it in a phosphate 3S 
solution and the lika 

[0044] With the aforementioned m^hod, a mk:ro- 
fabricatfon technkfue can be adopted to realize a high- 
precision and high-effffciency processing. Moreover, 
bonding process is simple and the end product is NgHy 40 
rel^e. When the sand-blasting is used, fragfle material 
such as glass can be processed r^^y with the 
througfhhole automatically given an even tapering 
shape making itself suitable for ejectmg the ink. The 
technqua descrS)ed above has a potential of process- 4S 
ing a variety of shapes by pattern designing and is appli- 
cable to a wide range of designs. 
[0045] The ink channel forming method of the 
aforementioned processing method for the first silken 
substrate 56forms a groove with a predetermined depth so 
in the direction of the thk^kness of the substrate, how- 
ever, an altemative method lor forming a through-sec- 
tion as the ink channel is ateo available. The method is 
described below. 

[0046] Rgs. 6A-6F are sectional views Qlustrating ^ 
processing and assembly mett)ods of a first sflkxHi sub- 
strate 61. 

[0047] The first silk»n substrate 61 iscoatedwitha 



first resist 62, and the patterning is carried out in prede- 
temnined positions (Fig. 68) so as to alkTw an ink chan- 
nel 63, a pressure chamber 64 and an ink inlet 65 to be 
processed. Next, the ink channel 63, the pressure 
chamber 64 and the ink Inlet 65 are lbrnr>ed t>y RIB or 
similar technique in a manner that each of the three ele- 
ments mentioned above forms a ttirough-section 
extending through ttie thtekness direction of the silicon 
substrate 61 (Rg. 60). After the first resist 62 is 
renrxived, the fir^sQicon substrate 61 is direcUy bonded 
to a sealing glass substrate 66, coated with a second 
resist 67 and patterning is carried out (Rg. 6D). Fdfow- 
ing tills process, portfons corresponding to the pressure 
chamber 64 and the ink inlet 65 are processed by the 
sand-blasting forming a fireglass through-hole 68 and 
a second glass through-hde 69 respectively communi- 
cating wittt the pressure chamber 64 and the ink inlet 65 
(Fig. 6E). If the first silicon substrate 61 has to be pro- 
tected from the sancMasting, it can be coated witti 
resists on both skies. Alternatively, processing by the 
sand-blasting can be stopped immediately before pene- 
tration, to form a glass through-hole by etching the 
remaining glass by ammonium fluoride and the like. 
Rnally, ttie second resist 67 is removed to complete the 
process (Rg. 6F). 

[0048] Fig. 12 shows a schematic view Olustrabr^ 
ttie shape of ttie first sificon. substrate already proc- 
essed by ttie aforementioned method, fooked from ttie 
surface of ttie sitetrata The ink channel 63 whk:h com- 
municates witti tiie pressure chamber 64 and ink inlet 
65, is shaped in a manner ttiat it tapers toward ttie pres- 
sure chamber, b& is illustrated. The purpose of ttus 
design is to effect a good Section by increasing resist- 
ance against ttie backffow of flud as described already 
[0O49] Wrtti ttie aforementioned mettiod, ttie 
processing of ttie first silicon substrate 61 is effk:ient 
since it does not require additional processing, as 
fortti in Figs. 3A-3E In addition, ttie ink channel 63 can 
be shaped evenly as it is detenraned by ttie ttiickness of 
ttie first sflicon substrate 61. Moreover, ttie cavity ofi ttie 
pressure chaiTt>ef can be expanded by ttie th'ckness of 
ttie sealing glass substrate 66 whereby more fluki can 
be injected into ttie F^essure chamber, contrfouting to 
easily realize an optimum ejection condition. If a silicon 
sub^e itself is ttvcK ttie fomnation of a ttirough-hole 
becomes diff k:utt This mettiod is very effective in ttiis 
regard as well. 

0)050] One end of ttie ink channel 63 is sealed in 
ttie process descrfoed in Rg. 6, ttierdbre, bonding to 
ottier elements is also possi)le, as was ttie case witti 
ttie ottier examples shown in Rg. 5. In Rg. 6. the glass 
siA>strate was processed after being bonded directiy to 
ttie silicon substrata However, ttiis nri^hod is also ap^ 
cable to ttie ottier processes. 
[0051] Altemative mettiod for forming an ink chan- 
nel is given b^ow as an exanple, refemng to Fiq. 13. 
The glass substrate 57 already given ttie ttirough-hde 
54 l)y ttie sand-blasting (Rg. 13A) is direcUy bcmded to 
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the first silicon substrate 61 (Fig. 13B). Next, the first sil- ing them directly. 

icon sutjstrate 61 Is coated with the resist 62 and pat- [0055J In addition, by making a second silicon sul>- 

teming is carried out (Rg. 13C). The resist here is slrate 72 thinner by lapping, a finer and more precise 

patterned as shown in Fig. 12, a plan view. Then, processing can be expected., 

through-holes 64, 65 and an through-hole for ink Chan- 5 [0056] Rgs. 7A-7D show sectional views Hluslrating 

nel 63 corresponding to the pressure chamber and the an example of the process for thinning the second siO- 

ink inlet are processed at a time (Fig. 13D) and the con substrate 72 by lapping, 

resist 62 is removed to. complele the process (Fig. poST] A glass substrate 71 and a second silicon 

substrate 72 are directfy bonded as set forth in the fore- 
[0052] With ttns method, the total thickness of the 10 going example (Fig. 7A). After this process, the second 
sut>strate becomes larger thereby intensifying the silicon substrate 72 is lapped to reduce its thickness 
strength, thus, damages occurring during the process- (Rg. 7B) and subsequently, a through-hole 73 and an 
ing can be prevented. In addition, the direct bonding ink outlet 74 are formed the sand-blasting and RIE 
which is easily influenced by dust and dirt is conducted (Rgs. 7C and 7D). If the second silkxn substrate 72 is 
at first, therefore, concerns ever the influence of such is thKk. processing takes time and tends to be uneven, 
elements can be eliminated in subsequent processes. which makes diff icutt to form uniform holes. Morecvsr, a 
Since the substrates are bonded directly, eroston into very smafl and deep through-hole is difficult to form, 
the boundary surfaces during etching is not such a sen- [9058] Therefore, the second siGcon substrate 72 is 
ous source of concem. unlike bonding usnng resin or preferably thin. However, in the case of a single silfoon 
other sirrttlar material. Furthermore, because the 20 plate, there is a limitatkMi in tenns of the handling during 
processing on the first silkxm substrate is conducted the manufacturing process and the yield of the process- 
after the bonding of the glass substrate and the first sil- ing. The direct bonding with the glass substrate 
icon sitetrate, aligning of through-holes are easy increases rigidity, and thus the substrate can be lapped 
Increased effective thfokness of the substrate by lamina- with ease. After the lapping the silicon sut>strate can be 
tion reduces the incident of cracking. In additfon, etch- 2S sent as it is to the next process. In order to realize a fluid 
ing on the first silk»n substrate is stopped at the ejectfon device with a higher ejectfon density, diameter 
bonding plane witti the glass substrate; shape of of the ink outlet must be as narrow as less than tens of 
grooves can be uniffonmly controlled, whereby highly pin. and rf the siOcon plate too is thinned to around 
uniformed channels are formed. 50^m or less, a more compact ink outlet, higher in den- 
[0053] The folfowing processing methods are appfi- ^ sity and uniform in shape can be fbnrad.. Since the 
cable to the other methods of this embodiment through-holes on the glass substrate and the second sQ- 
desabed eartier (Rg. 3A-Fig. 5D). The first silkxm sub- icon substrate are processed after the sti>strates are 
strate 31 is coated with the resist 32a and 32h and pat- bonded, there is no need for aOgntng in bcmding. More- 
teming is canled out (Rg. 1 4A). The sUicon sttetrate 31 over, as the substrates are bonded prior to the process- 
is processed t>y Rl E up to the certain depth in the direc- 3s ing. there is no risk of damage on the bonded suriiaces 
tion of the thickness to fom the ink channel 33 (Rg. diring processing, or gathering of drt thereby effecting 
14B). Next, the first silicon substrate 31 is bonded a good bonding. 

directly to the glass substrate 57 on which the through- [D059] If there is no problem with the lapping, the 
hole 54 is already formed by the sand-blasting (Rg. direct bonding and lapping will be carried out after a 
14C). The first silicon substrate 31 is coated with a 40 through-hole is formed in the glass substrata Needess 
resist 32c and patterning is carried out (Fig. 14D).Then, to say. the method can also produce a sinrvlar effect 
through-holes 34, 35 corresponding to the pressure when the first silicon substrate is excessively thfok. 
chamber and the ink inlet are processed on the first sili- [P060] The through-hole processed by the sand- 
con substrate 31 kiy RIE (Fig. 14E). This method can blasting has a shape tapering from the opening 
facilitate positioning and controlling of the size of the 45 exposed to the spraying of the abrasive gain toward the 
through-hole 34 to be processed on the first silfoon sub- other end. Therefore, alttwugh it is slightly affected by 
strate 31 precisely since it can be conducted by refer- the size of the abrasive gain and speed to spray, if the 
ring to the through-hole 54 of the glass substrate 57. thickness of the glass plate and the diameter of the 
Etching speeds are different between the bonded sur- opening exposed to the spray of the abrasive grains 
faces of the first silicon substrate 31 and the glass sub- so (opening area of the resist) are urtiformlysel the diam- 
strate 57 as the characteristics of these materials are eter of the opening on the through-side is naturally set 
different. As a result, processing of the through-hole 54 as well. Thus, t>y setting the thickness of the glass plate 
is precisely stopped thereby fbmting the through-holes and the dameter of the opening on the spray side so 
uniformly that the diameter of the opening on the through-hole 
[0054] The same mettiod can be applied to ttie ss side is slightly larger than the diameter of the ink outlet, 
bonding process of the glass substrate 71 and the sec- an optimum sfiape is uroquely processed. In order to 
ond sflicon substrate 72 as shown in Rg. 7A-7D. In ttiis deal with the ink outlet with ttie cfiameter tens of jim or 
case as well, a through-tiole can be formed after bond- less, in the case of the glass substrate having a thk:k- 
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ness of 0.8mm or less, the following condition is applied 
to the thickness of glass sut>stFa[te: qpprcx. 
1.2 to 1.9 x(rg-rs) , where "rg" is the diameter of the 
spray side, and "rs" is the diameter of the through-hole 
sida 5 

Second exemptarv emtxxllment 

[0061] Rg. 8 shows a sectional perspective view 
illustrating a fluid ejection device according to the sec- io 
ond exemplary embodiment of the present invention. 
[0062] In Fig. 8, a silicon substrate 86, a first glass 
siA)strate 87 and a second glass substrate 88 are 
directly bonded as descra>ed in the first exemplary 
embodiment, forming a laminated body. The silicon sub- is 
strate 86 has ir^ outlets 84(84a, 84b) having openings 
formed on the edge of the substrate, a pressure cham- 
ber 82 penetrating and communicating with the ink out- 
let 84, and a through-hole which partially forms an ink 
inlet 85, each of them formed by RIE or similar method. 20 
The first glass substrate 87 also has a through-section. 
A part of the tfvough sectfon communicates with the 
pressure chaiTt>er 82 and fomns an ink channel 83 while 
another part is partially forming the ink inlet 85. 
[0063] A laminated body comprising a piezoelectnc zs 
thin film 81 having indmdual electrodes 90(90a, 90b) 
mounted thereon and an elastic body 89 is bonded right 
on the pressure chamt>er 82. Each pressure chamber 
82 and the ink channel 83 are separated from each 
other and are independent The indivkiual electrodes 30 
90a, 90b are disposed con-esponding to each pressure 
chamber 82. The second glass substrate 88 seals one 
end of the through-sectfon of the first glass sut)strate 
87, forming a part of the ink channel 83.The f yd, sip- 
plied fn»m the ink inlet 85, f lis the pressure chamber 82 S5 
via the ink channel 83, and is brougfit under pressure 
the displacement of the piezoelectric thin f Dm 81 which 
occurs when applied with an electric voltage, and 
ejected from the ink outlets 84a and 84b. 
[0064] FolkMringisthedesaptfonof amanufactur- 40 
ing method. 

[0065] Rgs. 9A-9E show sectfonal views illustrating 
the processing method of a sQkx)n substrata 
[0066] Rrst both faces of a silkxm sid>strate 91 as 
shewn In Rg. 9A are coated with resists 92a and 92b; 45 
and patteming is carried out (Rg. 9B). Next, one skJe of 
the 8akx>n substrate 91 is shalfowly etched by RIE and 
an ink outlet 93 is fomned (Rg. 9C). Then, a through- 
section is formed from the other face to form a pressure 
chamber 94 and an ink inlet 95 in a manner tfiat the so 
pressure chamber 94 partially communicate with the ink 
outlet 93 (Rg. 9D). Rnally, the resists are removed from 
both skies to conplete the process (Rg. 9E). 
[0067] Rgs. 10A-10F show sectional views illustrat- 
ing assembly method of the whole devfoe. ss 
[0068] A first Q^ass substrate 105 of whteh a 
ttrough-sectfon is already processed by the sand-blast- 
ing with an ink channel 106 being fonmed theron, is 



directly banded to a stlkx)n substrate 101 (Rg. 10B) 
which is already processed by the method shown In Rg. 
9A-9E (Rg. 10A). In this bonding, the ink channel 106 ^ 
set to conduct with a pressure chamber 1 03 and an ink 
inlet 104, and the direct bonding is carried out on the 
face with an ink outlet 102. Next, a second glass sut>- 
^te 107 and the first glass substrate 105 are directly 
bonded to seal one skie of the ink channel 106 (Rg. 
IOC). 

[D069] As shown in the descriptfon of the first exem- 
plary embodiment, a piezoelectric thin film 108 and an 
elastfo body 1 09 disposed on a MgO substrate 1 1 0 are 
bonded (Rg. 10D), and the MgO sidsstrate 110 is 
renxyved by soaking in a phosphate solution (Fig. 10E). 
Rnally, when tfie laminate body made of the three sut>- 
strates are divkied, it is dfoed at right angles to the fon- 
gitudinal directfon of the ink outlet 102 so that the 
opening of the ink outlet 102 can face outskJe (Rg. 
10F). 

[0070] The shape of the ink outlet 1 02 is an impor- 
tant factor as it determines the f luki ejection capability. 
When the ink outlet 1 02 is very fine in stiape, however, 
it might be chi)ped and the shape is damaged during 
the dfoing process discussed abova One of the meth- 
ods to avoid such damage is to cut the silicon substrate 
at the point where an ink outlet is to be formed prior to 
forming the ink outlet by Aching the silicon substrate. 
TTus eliminates the processing after the ir^ outlet is 
formed. When the cuffing causes problems in the 
processing of the wafer, anottier method can be 
adopted in whfoh the portfon where tfie ink outlet is to be 
fomned is cut into up to a certain point rather than cut 
completely R>r. example, as shown in Rg. ISAand Rg. 
1 5B, respectively illustrating sectfonal view of the sOicon 
substrate 101 and a plan view of the same looked from 
below, a recessed portfon 130 is fonmed on the silicon 
substrate 101 . An ink outlet groove 102 is formed trans- 
versely of the recessed portfon 130. When cfivkiing the 
whole sitetrate, it is cut afong a cutting-plane fine 140 
by a blade narrower than the recessed portion 130, so 
that the ink outlet is not processed on cutting. Rgs. 15A 
and 15B, numeral 103 represents pressure chamber, 
and numeral 104 an ink inlet Wrth the above-mentfoned 
method, the ink outlets are formed completely at the 
same time when the grooves are engraved on ttte sin- 
con substrate, leaving no need for processing after- 
wards. Thus, the shape of ink outlets are nrtaintained 
uniformly and ink ejecting capat)Oity is not damaged. 
[QOTI] With all the embodintents of the present 
invention, everything is formed by lamtnatir^ plane 
members, therefore, fine processing is easy arxJ struc- 
ture can become finer. Fulher, the foRowing effk^ent 
process can be adopted. At first a number of unit struc- 
tures as shown in Rg. 9 or Rg. 15areenrt>6ddedlikBa 
matrix on a large silkxm sut)strate as well as first and 
second gl^ substrates. Then the substrates are 
bonded by a method shown in Rg. 10, and cut into indi- 
vkiual units. In this manner, a great number of ftuki ejeo- 
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tion devices are produced at a time, making the process 
efficient 

[0072] According to the exemplary emtxxJiments 
discussed above, the effect of the fine processing, direct 
t)onding and piezoefectric thin film as shown in the first s 
exemplary entoliment is obtained at a time. In addi- 
tion, a fluid ejection device with a dffferent ejection 
mode in which fluid is ejected from an edge of a sub- 
strate can be produced. With this nwlhod, an ink outiet 
is designed freely by patterning resist which greatly io 
contributes to the optimization of the shapa An easy, 
uniform and fine controlling of the ink outiet area is pos- 
83)16 just kyyacQustingwidtti and deptti of tie grocva If 
an ink channel of the first glass substrate is formed by 
etching to ttie midway of the siisstrate rather than is 
penetration, the second glass substrate is not neces- 
sary, ther^e, only one direct bonding is required to 
complete the process Thus, needless to say, further 
reduction in manufacturing steps can be eocpected. 
[0073] As described so far, according to the present 20 
invention, a flukJ ejection device witti a smaller and 
higher density of ink outiets can be fbnmed by employing 
. micrchlabrication technk^e of sllkx>n and glass sub- 
strates and empfoying a piezoelectric thin filnt As 
processing and tamnation are conducted from the 2s 
direction perpendcular to the plane of the substrate, a 
plurality of units are produced, thus productivity and 
design freedom are high. As substrates are directty 
bonded to each other, adhesive materials are not 
needed, whereby process management is simplffied, 30 
and the facta whk^h deteriorates the fong-term reliabil- 
ity in sealing capability of ftukJ can be eliminated. 
[0074] As a result an ink jet printtiead of on- 
demand system for an nik jet printer with higher density, 
higher reliability and kywer cost can be achieved. 35 

Reference Numerals 



[007£f] 



32a. 3% 32c 42a, 42b^ 45, 67, 92a, 92b 
62 First resist 

66 Sealing glass substrate 

67 Second resist 

68 Rrst glass through-hole 

69 Second glass through-hole 
87. 105 Rrst glass substrate 
88, 107 Second glass substrate 
130 Recessed portion 

140 Cutting-plane line 



Claims 

1 . A fluid ejection device comprising; 

at least one chamber divided independentiy 
from other channbers; 

an ink channel commura'cating with sakJ cham- 
ber; 

an ink outiet comnuink:ating with said cham- 
ber; and 

a pressure generating section comprising a 
lantinated body made of a piezoelectric-fnate- 
rial of a tiik:knes& of not more than 7|jm and an 
elastic body, saKi section covering one face of 
said chamber 

2. The fluid ejection device according to claim 1, 
wherein said Mastic body is made of a metallk: 
mat^ witti a ttitekness of the same or less ttian 
said piezoelectric material. 

3. The fluid ejection devk:e accenting to daim 1, 
wherein saki piezoelectric material is dhnded corre- 
sponding to each chanto. and a layer of resin is 
cfisposed at least on ttie divkfing sections of sakt 
piezoelectric material. 



40 



11. 22, 59, 81, 108 Piezoelectric ttilnfOm 

12, 26a, 26b^ 26c 34, 51. 64, 82. 94, 103 Pressure 

chamber 

13. 33, 52. 63, 83. 106 Ink channel 

14, 46. 53. 74, 84a. 84b, 93. 102 Inkouttet 45 

15, 43, 54, 73 Through-Me 

16. 35. 55. 65. 85. 95, 104 Ink inlet 

17, 31. 56. 61 Rrst silkxm substrate 

18. 41. 57. 71 (3ass substrate 

19.44.58. 72 Second silicon substrate 50 
20.28.89. 109 Elastic body 

21 Indvklual electrode 

23 Material for ttie indivkfual electrode 

23a, 23b. 23c 90a, 90b Indivkiual electrode 

24, 60. 1 10 MgO substrate for ttie piezoelectric ttin ss 

film 

25 Resin material 

27. 86. 91. 101 Silicon substrate 



4. The fluki ejection device according to daim 1. 
wherm saki chamber, sead ink chann^ and sakJ 
inkouttet are formed by laminating a plane member 
of a silkx)n plate and a glass Plata 

5. The flukJ ejection devk^e according to daim 1, 
wherein chief ingredient of sakJ piezoelectric mate- 
rial is PbZrxTli.xPs. 

6. The fluki ejection devk:e according to daim 4. 
wherein sakJ silkxin plate and glass plate are 
ctirecUy bonded by drect boncfing technkpje. 

7. A production method of a f lukl ejection devk^e com- 
prising ttie steps of: 

aprocessAI of fomning a ttirmigh-hole for ttie 
pressure chamber and a ttirough-hde for ttie 
ink inlet on a first substrate; 
a process B of bonding ttie first substrate and a 
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second substrate; 

a process C of bonding the second substrate 
andatNrd substrate; and 
a process D of fommng a pressure generating 
section comprising a laminated body including s 
piezoelectric material and an elastic material 
such that the pressure generating section cov- 
ers the through-hole for the pressure chamber. 

8. The production method of a fluid ejection deme io 
according to daim 7 further corrprising the steps of: 

a process A2 of fbnming a groove for ink chan- 
nel partially comnunicating with the through- 
holes for the pressure chamber and the ink is 
inlet on the first substrate; 
a process E of forming a through-hole tapering 
from the end in contact with the first sitetrate 
on the second substrate; and 
a process F of fbmrting a through-hole for the £0 
ink outlet on the tNrd substrate. 

9. The production method of a fluid ejection device 
according to daim 8. wherein sakl process A1 is 
carried out after said process A2 and said process 2s 

a 

10. The production method of a fluid ejection device 
according to daim 7 further comprising the steps of ; 

30 

a process A3 of forming a through-hole for ink 

d^nnel on the first substrate; 

a process E of forming a through-hole tapering 

from the end in contact with the first sutistrate 

on the second substrate: 3s 

a process F of fbnming a tfvougtv-hole for the 

ink outlet on the third sitetrate; 

a process G of forming a through-hole for the 

pressure chamber on a fourth substrate; and 

a process H of forming a groove for ink channel 40 

by bonding the first and fourth substrates. 



according to daim 8 or 10, wherein said process C 
is conducted after sakJ process E and sakJ process 
F, or after said process E, and said method further 
corrpridng a step for thinning at least a section of 
the third substrate by lapping, the secticHi corre- 
sponding to the through-hole formed on the second 
sut)strate. 

15. The productfon method of a ihM ejection device 
according to daim 8 or 10, wherein thickness of the 
third substrate is not more than 50^ 

16. The production method of a fluid ejection device 
according to daim 8 or 10. wherein: 

a diameter of the through-hole for the ink outlet 
formed on the third sidtffitrate is smaller than a 
diameter of tapered end of the through-hole on 
the second sulastrate in said process F; and 
the through-hole for the ink outlet on the third 
sut>strate is aligned to approximately a center 
of the diameter of the narrower end of the 
through4K)le on the second substrate in said 
process C. 

17. The production method of a fluid ejection device 
according to daim 15, wherein, in the case that the 
second substrate is 0.8mm or less in thickness, the 
folfowtng condition is applied to the thickness of the 
second substrate: 

1.2x(rg-r8) to 1.9x(rg-r8). 

where "rg" is the diameter of the larger end of the 
tapering through-hole forrr^ on the second sub- 
strate and "rs" is the diameter of the through-hole 
for the ink outiet fonned on the third substrata 

ia The production method of a fluid ejection devfoe 
according to daim 7, further comprising the steps 
of: 



11. The production method of a fluid ejectfon devfoe 
according to daim 10, wherein said process A1 and 
said process A3 are conducted after said process E 46 
and saki process B. 

12. The production method of a fluid ejectfon devfoe 
according to daim 8 or 10, wherein sakI process F 

is conduded after saki process E and sakJ process so 

C. 

13. The production method of a fluid ejection device 
according to daim 8 or 1 0. wherein sakf process E 
and saki process F are conducted after said proc- ss 
essC. 

14. The production method of a fluid ejection device 



a process M off forming a groove for the ink 
outlet partially conrvnunfoating with the 
through-hole for the pressure chamber on the 
first substrate; and 

a process I of forming a thrcHjgh-section for the 
ink channel on the second substrate. 

19. The production method of a flukJ ejection de\m:e 
according to daim 18. wherein the opening of the 
through-hcrie for the pressure chamber and the 
through-hole for the ink inlet on the first stA>strate 
and the through-section for the ink channel on tiie 
second substrate are aligned and bonded to par- 
tially communfoate with each other and form an ink 
channel. 
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20. The production method of a fluid ejection de^ 
according to daim 18. wherein the groove for the 
ink outlet is fonned on an edge of the first substrate 
in said process A4. 

21. The production method of a fluid ejection device 
dalm 18. wherein: 



a recessed section is fomned on the first sub- 
strate; 10 
the groove for the ink outl^ is fonned trans- 
versely of the recessed portion; 
an opening section is formed at a right angle to 
the longitudinal directkm of the groove for the 
inkoutf6t:and is 
a process of cuffing the first substrate atong the 
recessed portion without contacting the open- 
ing secdon. 



22. The production method of a fluid ejection device 20 
according to daim 1 7, further comprising a process 

of cuffing the first substrate at a right angle to the 
fongitudinal direction of ttie groove for the ink outtet 
formed on the first sitetrate. 

25 

23. The prodiKition method of a flukl ejection device 
according to one of daim 8. daim 10. and daim 18. 
wherein the ink channel Is formed with an area 0.5 
to 1.5 times as large as that of the inkoutteL 

30 

24. The production method of a flukJ ejection devfoe 
according to one of daim 8, daim 10. and daim 18, 
wherein the ink channel is formed in said processes 
A2. A3 or I in a manner that its area tapers towarcte 
theinkoutiet 35 

25. The production metfKxl of a flud ejection devk^e 
according to one of daim 8, daim 10. and daim 18, 
wherein the first substrate is a silicon single-crystal 
sitetrate; the second substrate, a glass substrate; 40 
and each of the third and fourth substrates, one of 
glass and silicon single-crystal substrates. 

26. The production metfiod of a fluid ejection devfoe 
according to one of daim 8. daim 10, and daim 18, 46 
wherein bonding method concfocted in said process 

B. C and H is the direct bonding. 

27. The production method of a niM ejectfon devfoe 
according to daim 25. wherein a silioon sut>strate is so 
etched by reactive ion etching, and a glass sub- 
strate is processed the sand-blasting. 
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